1. Introduction. - The critical properties of long polymer chains in a good solvent [1, 2] have been predicted successfully from Lagrangian field theories of the Wilson type. However, chains in a poor solvent (0-domain) have different renormalization properties, related to tricritical phenomena [3] . A general study of tricriticality in a 0-solvent, after that of criticality in a good solvent, is thus necessary. Some partial results have been obtained in this direction [4, 5, 6, 7] , mainly restricted to the single chain case. We establish here the scaling properties of chain solutions in the whole 0-domain. For this purpose, we represent a grand ensemble of chains [2] in a poor solvent by a tricritical Lagrangian field theory with an external field [8] . Its properties are obtained from a renormalization group method [9, 10] , the details of which will be given elsewhere.
2. Lagrangian theory. In a poor solvent, the scaling properties of chains can be determined by considering two effective interactions [3] , which we will take to be local : the pair interaction V(x -y) = ~~(x 2013 y) and the threemonomer interaction W(x-y,y-z)=wb(x-y)6(y-z), ~&#x3E;0 (Fig.1 ) . A cut-off is also necessary : a minimal Brownian surfaces is supposed to separate two interaction points along a same continuous chain.
A grand ensemble of polymer chains [2] can then be described by the action [8] : qJj(x) is a n-component field, j [2] where S is the mean surface per chain. The mean square end to end distance of a chain is where TT ~( k; f ) is the transverse vertex function [ 11 ] , in the momentum space, associated with (1).
At a tricritical point, the vertex functions of rank 2 and 4 vanish at zero momenta. One can check that it corresponds to an infinite chain system with a vanishin second virial coefficient [3] . The excluded volume parameter has there the value go (go 0). b = g -go measures the deviations from the 0-line.
For a temperature T near 0 :
where A is a coefficient.
f(/) can be calculated from (1) by a loop-expansion. This reads, to the one-loop order [12] We set n = 0. To compute (3), one needs also the one-loop relations :
The loop-expansion, computed using the parameters b, w, s, breaks down in the vicinity of a tricritical point, as it breaks down in the critical limit of very long chains. However, the renormalization group method [9] , establishes the existence of (8) are taken at some particular large value of m, which depends on the concentration range. In the limit m -+ oo, one can determine the functions b(m), w(m) [9, 10] : e) a, f are also transformed under the action of the renormalization group into a(m), f(m), not explicitly used here.
with One should note that the asymptotic behaviour of w(m) is independent of w. This regime is reached if [9, 10] Stephen [4] has found a similar first correction term in (17a) but with a different coefficient [13] .
For finite chains of surface S, we define two effective 0 temperatures : Ts, where the second virial term in (16a) vanishes, and 7s where, in the limit C -+ 0, R 2 = 3 S exactly. Then, using (4), (9b) : where p -1 = -7/11, and 7s 0 Ts. This tricritical range of temperature (Fig. 3 , region D) agrees with a similar result by P. G. de Gennes [7] (see also Ref. [6] ). (18) is consistent with ( 19a).
Let us finally make precise the dilute solution condition. This condition is that in (16a), the perfect gas term dominates the three-chain term (the second virial term being neglected in the 0-domain). Thus : 4. Semi-dilute solutions. -When S is too large to satisfy (20), we are in the regime of semi-dilute solutions. According to (20), the correlation surface S (Eq. (13)) is more precisely estimated by Coexistence curve for finite S has been drawn on the figure but its precise form has not been calculated. We know only the shape of the coexistence curve when S -+ oo (solid line).
The limit S -+ oo, C constant, belongs to the semidilute range. Here it is no longer possible to expand -f(/) in powers of f. Instead, we note that (2) , (6) give at first-order Therefore the semi-dilute range will be characterized by In this limit, eqs. (2), (5), (6) give the one-lopp expan- [14] , corrected by M. A. Moore [12] . The square radius (3) is obtained in the same way, by using (2) , (5), (7) :
, ..
It coincides with a result of Edwards [14] , whereas that of Moore et al. [12] contains a different coefficient. The contribution from (7b) was not taken into account there.
(21) and (22) with (9a), (14) give the tricritical scaling laws :
where In (21a), we kept only the dominant terms of (21). (Fig. 3) . 5 . The asymptotic coexistence curve. -At temperatures below 0, the polymer system separates into two phases, a solution and a precipitate. In the (C, T) diagram (Fig. 3) part of the coexistence curve (in the limit of infinite chains) is the half axis C = 0, T 0, where 77 = 0. Because the two phases coexist at the same osmotic pressure, the precipitate also has 77 = 0. Setting this condition in (21a), we find, with (4), (9) :
The finite slope generally assumed for the coexistence curve at S = oc, is not correct. The curve, shown in figure 3 , has zero slope at C = 0, a feature typical of tricritical phenomena, which might be interesting to see. 6 . Specific heat. -Numerical simulations [15] suggest an anomaly in the specific heat. It corresponds to the self energy of a chain, which can be calculated from the Lagrangian theory. We find a peak in the specific heat, with a peak value :
Cv ~ cC(ln SS-1)1 -2p for a dilute solution, and Cv ~ cC Hn C 2 s I 1-2P for a semi-dilute solution .
c is a coefficient depending on g, w, T. The exponent 1 -2 p = 3/11 agrees with that of de Gennes [7] .
